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57 ABSTRACT

A receiver device is provided with: channel estimation unit
which obtains channel estimation values for a frequency
domain on the basis of pilot symbols disposed in an OFDM
subcarrier; interpolation unit which performs interpolation so
that the number of samples of channel estimation values
obtained by the channel estimation unit is a power of 2;
transformation unit which transforms the channel estimation
values interpolated by the interpolation unit into a time
domain to obtain a delay profile; and power peak position
detection unit which detects a power peak position of the
delay profile so as to obtain a propagation delay time. The
power peak position detection unit references the signal
power of the portion interpolated by the interpolation unit in
order to detect a suitable power peak position in the delay
profile.
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RECEIVER DEVICE, TRANSMIT/RECEIVE
TERMINAL, PROPAGATION DELAY TIME
MEASUREMENT METHOD AND COMPUTER
PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a U.S. national stage of application No. PCT/
JP2013/062124, filed on Apr. 24, 2013. Priority under U.S.C.
§119(a) and 35 U.S.C. §365(b) is claimed from Japanese
Patent Applications No. 2012-166904 filed on Jul. 27,2012,
the disclosure of which is also incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention relates to a receiver device, a trans-
mit/receive terminal, a propagation delay time measurement
method, and a computer program.

BACKGROUND ART

A communication method making use of Orthogonal Fre-
quency Division Multiplexing (OFDM), as represented by
Long Term Evolution (LTE), now being discussed in 3rd
Generation Partnership Project (3GPP), attracts attention as a
communication method for the next generation. OFDM is a
transmission method in which a bandwidth to be used is
divided into multiple subcarriers, and then each data symbol
is assigned to each subcarrier. Since the subcarriers are so
arranged as to be orthogonal one another on a frequency axis,
OFDM is excellent at frequency usage efficiency. Moreover,
each subcarrier has a narrow bandwidth, and therefore an
effect of multiple-path interference can be suppressed so that
a high-speed large-capacity communication can be realized.

In a data transmission method using OFDM, generally at a
transmission side, already-known pilot symbols besides data
symbols are inserted at intervals in the frequency-wise direc-
tion and the time-wise direction, as shown in FIG. 13. At a
receiver side, amplitude-phase variation of the pilot symbols
is detected from a received signal, and then data symbols
included in the received signal are demodulated, on the basis
of'the amplitude-phase variation. The amplitude-phase varia-
tion detected from the pilot symbols is called a channel esti-
mation value.

To calculate a channel estimation value, a Cyclic Prefix
(CP) part is removed from a received signal, and Fast Fourier
Transform (FFT) in accordance with an effective symbol
length of OFDM is carried out in order to extract pilot sym-
bols, and then the pilot symbols extracted are verified with an
already-known pattern. In this way, amplitude-phase varia-
tion of the symbols is calculated, and the amplitude-phase
variation is deemed to be a channel estimation value.

A result of transforming channel estimation values of the
frequency domain into the time domain by means of Inverse
Fast Fourier Transform (IFFT) is called a delay profile. In a
delay profile, peaks of power appear in response to propaga-
tion paths of a transmission line. A low-level part in the delay
profile means that there is no propagation path, or a propaga-
tion path there is weak, so that noise power is dominant there.
After replacing values of the delay profile at its low-level part
with “0”, transforming the data back into the frequency
domain by means of FFT makes it possible to cancel noise
components from the original channel estimation values.
Moreover, a propagation delay time can be calculated accord-
ing to the positions of power peaks in the delay profile.
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The calculated propagation delay time is used for transmis-
sion time control. For example, if a mobile station for trans-
mitting/receiving information to/from a base station by way
of a wireless radio communication executes a transmitting
process in accordance with timing of a received signal from
the base station as it is, the transmission signal is received
twice the one-way propagation time late, at the base station.
In the meantime, the base station transmits/receives informa-
tion to/from a plurality of mobile stations; and therefore, if a
distance between the base station and each mobile station is
different to others, there appears a time-wise overlap in
received signals from the mobile stations so that interference
occurs.

Explained below with reference to FIG. 14 and FIG. 15 is
interference that occurs in the case where a mobile station
executes a transmitting process in accordance with timing of
a received signal from the base station as it is. For an easy
understanding, an explanation is made here with a case
example of transmission/receiving between one base station
BS and two mobile stations MS1 and MS2.

As shown in FIG. 14, it is assumed that the mobile station
MS1 receives a receiving frame “A” from the base station BS,
and transmits a transmission frame “a” to the base station BS.
Meanwhile, it is assumed that the mobile station MS2
receives a receiving frame “B” from the base station BS, and
transmits a transmission frame “b” to the base station BS.
Under the situation, if the mobile stations MS1 and MS2
transmit the transmission frame “a” and the transmission
frame “b” in accordance with timing of signal receiving from
the base station BS as it is, each transmission signal from the
mobile stations MS1 and MS2 is received twice the one-way
propagation time late, at the base station BS, as shown in FI1G.
15.

Herein, a propagation delay time of the receiving frame
“A” at the mobile station MS1 is defined as “t,”, and a propa-
gation delay time of the receiving frame “B” at the mobile
station MS2 is defined as “t,”. The transmission frame “a”
from the mobile station MS1 is received “2t,” late at the base
station BS, wherein “2t,” is twice a time needed for a propa-
gation from the base station BS to the mobile station MS1. On
the other hand, the transmission frame “b” from the mobile
station MS2 is received ‘“2t,” late at the base station BS,
wherein “2t,” is twice a time needed for a propagation from
the base station BS to the mobile station MS2. In this case, if
the distance between the base station BS and the mobile
station MS1 and the distance between the base station BS and
the mobile station MS2 are different from each other, needed
times for respective propagations are different (t,=t,).
Accordingly, at the base station BS, there appears a time-wise
overlap in the transmission frame “a” from the mobile station
MS1 and the transmission frame “b” from the mobile station
MS2, so that interference occurs.

Explained next with reference to FIG. 16 and FIG. 17 is an
adjustment of transmission timing at each of the mobile sta-
tions MS1 and MS2.

A propagation delay time measured at the mobile station
MS1 is defined as “t,;”, and a propagation delay time mea-
sured at the mobile station MS2 is defined as “t,”. Under this
situation, the mobile station MS1 puts a transmission start
timing of the transmission frame “a” in relation to the receiv-
ing frame “A” ahead twice the measured propagation delay
time “t,”, as shown in FIG. 16. In the meantime, the mobile
station MS2 puts a transmission start timing of the transmis-
sion frame “b” in relation to the receiving frame “B” ahead
twice the measured propagation delay time “t,”, as shown in
FIG. 16. According to this arrangement, each transmission
frame coming from the mobile station MS1 and the mobile
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station MS2 is received without causing a time-wise overlap
at the base station BS, accordingly having no interference, as
shown in FIG. 17.

A measurement of a propagation delay time is explained
below with reference to a flowchart of FIG. 18. In the follow-
ing explanation, a mobile station, a transmit/receive terminal
to be used as a mobile station, and a device to be used as a
receiving unit of those mobile station and terminal are col-
lectively called a “receiver device.”

In order for a measurement of a propagation delay time,
channel estimation values are calculated at first. For calculat-
ing a channel estimation values; CP is removed from a
received signal (Step S21) as described above, FFT tailored to
an effective symbol length of OFDM is carried out (Step
S22), and pilot symbols are extracted (Step S23). Then, the
extracted pilot symbols are verified with an already-known
pattern, and an amplitude-phase variation of the symbols is
calculated so as to obtain the channel estimation values (Step
S24).

To measure a propagation delay time in accordance with
the channel estimation values, the channel estimation values
in the frequency domain is transformed into the time domain
by means of IFFT (Step S26), and positions of power peaks
are detected from a delay profile obtained (Step S27). Then,
the propagation delay time can be calculated according to the
positions of power peaks.

Moreover, with respect to a low-level part in the delay
profile, by way of replacing values of the delay profile with
“0” (Step S28) and transforming back into the frequency
domain by using FFT (Step S29), it becomes possible to
cancel noise components from the original channel estima-
tion values.

At the time of carrying out IFFT with respect to channel
estimation values in the frequency domain; the number of
channel estimation values, namely pilot symbols, is some-
times not a power of 2. In such a case, IFFT of the number of
samples of the channel estimation values is not carried out but
IFFT of'size larger than the number of samples of the channel
estimation values is carried out. At the time, the channel
estimation values are so placed as to fill a front end and its
subsequent followers; and for any part with an insufficient
number of samples is not filled with 0 but the channel esti-
mation values are interpolated (Step S25). Thus, a signal
power of a part with no propagation path decreases in the
delay profile so that a canceling process on noise components
can be improved (for example, refer to NPL 1).

Moreover, a technology of'using an arrangement pattern of
already-known samples, in which a noise effect is canceled by
means of carrying out IFFT samples of the already-known
pattern included in a received signal, is also known as a
technology for calculating a delay profile (for example, refer
to PTL 1).

CITATION LIST

Non Patent Literature

{NPL 1} Institute of Electronics, Information and Com-
munication Engineers—General Conference, 2006; Lecture
B-5-94

Patent Literature

{PTL 1} JP 2000-134176 A
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4
SUMMARY OF INVENTION

Technical Problem

If an interpolation is carried out in such a way that the
number of samples of channel estimation values in the fre-
quency domain becomes a power of 2, and a delay profile is
calculated by way of transforming into the time domain by
means of IFFT, sometimes peaks of power that do not actually
exist appear at a top position of the delay profile, owing to an
effect of the interpolation. In that case, a propagation delay
time cannot correctly be measured according to a position of
power peak of the delay profile.

FIG. 19 shows an example of channel estimation values in
the frequency domain. In FIG. 19 and other drawings for
showing examples of channel estimation values in the fre-
quency domain, an I-component and a Q-component are rep-
resented with a solid line and a broken line, respectively.

In the example of FIG. 19, there exist 200 channel estima-
tion values, and then in order to carry out IFFT of 256 points,
56 points in the rear are filled with 0. As a result of carrying
out IFFT with respect to the channel estimation values in the
frequency domain shown in FIG. 19, a power delay profile is
obtained as shown in FIG. 20. In the example of FIG. 20, there
appear power peaks corresponding to a propagation path at
the 24-th point and the 45-th point.

Being different from the case illustrated in FIG. 19 and
FIG. 20 where the part with an insufficient number of samples
is filled with 0, a case in which the part with an insufficient
number of samples is interpolated is explained with respect to
FIG. 21 and FIG. 22.

Among 56 points in the rear of the channel estimation
values shown in FIG. 19; the 201-st point and the 202-nd
point are extrapolated with values of the 199-th point and the
200-th point; the 255-th point and the 256-th point are
extrapolated with values of the first point and the second
point; and the 203-rd point through the 254-th point are inter-
polated with values of 202-nd point and the 255-th point, as
shownin FI1G. 21. Then, IFFT is carried out with respect to the
channel estimation values after the interpolation shown in
FIG. 21, and a power delay profile is obtained as shown in
FIG. 22.

Inthe delay profile shown in FIG. 22, as aresult of carrying
out IFFT with respect to the channel estimation values after
the interpolation, as shown in FIG. 21; a power around the
150-th point becomes low, and meanwhile a power peak
appears at a top position of the delay profile, in comparison
with FIG. 20. This is because the channel estimation values
are interpolated with a smooth line in the frequency domain,
and therefore a signal power owing to the interpolation con-
centrates at a top part and a tail part in the delay profile.
Nevertheless, there actually exists no propagation path at the
top position ofthe delay profile in this case example, as shown
in FIG. 20. Namely, the power peak at the top position of the
delay profile shown in FIG. 22 is a false power peak that
appears owing to the interpolation process including the
extrapolation and the interpolation, which are explained with
reference to FIG. 21. In the case of measuring a propagation
delay time according to a delay profile, the propagation delay
time cannot be measured correctly ifa false power peak exists
as shown in FIG. 22.

Moreover, the technology described in PTL 1 mentioned
above is a technology for canceling an unnecessary compo-
nent in an impulse response of a dominant wave by using an
arrangement pattern of an already-known sample, and it is not
a technology for dealing with a false power peak in a delay
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profile, which appears in the case of interpolation for channel
estimation values in the frequency domain as described
above.

It is an objective of the present invention to provide a
receiver device, a transmit/receive terminal, a propagation
delay time measurement method, and a computer program for
solving the issue described above and making it possible to
correctly measure a propagation delay time without increas-
ing the number of arithmetic operations.

Solution to Problem

In order to give a solution to the issue described above, a
receiver device of the present invention is a receiver device
receiving a signal transmitted by means of an orthogonal
frequency division multiplexing system, which is character-
ized by comprising: a channel estimation means which cal-
culates channel estimation values in the frequency domain
based on pilot symbols arranged in orthogonal frequency
division multiplexing subcarriers; an interpolation means
which carries out an interpolation on the channel estimation
values calculated by way of the channel estimation means to
make the number of samples become a power of 2; a trans-
forming means which transforms the channel estimation val-
ues, interpolated by the interpolation means, into the time
domain to obtain a delay profile; and a power peak position
detecting means which detects a power peak position in the
delay profile to calculate a propagation delay time of the
signal transmitted; wherein the power peak position detecting
means refers to a signal power of a part interpolated by the
interpolation means to detect an appropriate power peak posi-
tion in the delay profile.

A transmit/receive terminal of the present invention is a
transmit/receive terminal for transmitting and receiving data
to/from a base station, which is characterised by comprising:
a receiver device described above, as a receiving unit; and a
means which adjusts a transmission timing to the base station,
in accordance with the propagation delay time.

A propagation delay time measurement method of the
present invention is a propagation delay time measurement
method, with receiving a signal transmitted by means of an
orthogonal frequency division multiplexing system and mea-
suring a propagation delay time of the signal, which is char-
acterized by including; a channel estimation step calculating
channel estimation values in the frequency domain based on
pilot symbols arranged in orthogonal frequency division mul-
tiplexing subcarriers; an interpolation step carrying out an
interpolation on the channel estimation values calculated in
the channel estimation step to make the number of samples
become a power of 2; a transforming step transforming the
channel estimation values, interpolated in the interpolation
step, into the time domain to obtain a delay profile; and a
power peak position detecting step detecting a power peak
position in the delay profile to calculate a propagation delay
time of the signal transmitted; wherein the power peak posi-
tion detecting step refers a signal power of a part interpolated
in the interpolation step to detect an appropriate power peak
position in the delay profile.

A computer program of the present invention is character-
ized by, when the computer program is installed in a computer
of a receiver device to receive a signal transmitted by means
of an orthogonal frequency division multiplexing system,
making the computer execute a channel estimation step cal-
culating channel estimation values in the frequency domain
based on pilot symbols arranged in orthogonal frequency
division multiplexing subcarriers; an interpolation step car-
rying out an interpolation on the channel estimation values
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6

calculated in the channel estimation step to make the number
of samples become a power of 2; a transforming step trans-
forming the channel estimation values, interpolated in the
interpolation step, into the time domain to obtain a delay
profile; and a power peak position detecting step detecting a
power peak position in the delay profile to calculate a propa-
gation delay time of the signal transmitted; wherein the power
peak position detecting step refers a signal power of a part
interpolated in the interpolation step to detect an appropriate
power peak position in the delay profile.

Advantageous Effects of Invention

According to the present invention, a propagation delay
time can correctly be measured.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram for explaining a configuration of a
transmit/receive terminal.

FIG. 2 is a diagram for explaining a channel estimation
unit.

FIG. 3 is a diagram that shows a signal power in the time
domain, which is obtained by means of IFFT with respect to
an interpolated waveform.

FIG. 4 is a diagram that shows an example of a power delay
profile obtained as a result of subtracting a signal power in the
time domain of an interpolated part shown in FIG. 3, from a
power delay profile shown in FIG. 22.

FIG. 5 is a flowchart that explains a process to be executed
by the transmit/receive terminal.

FIG. 6 is a diagram that shows an example of channel
estimation values in the frequency domain in the case where
a propagation path exists at a top of a delay profile.

FIG. 7 is a diagram that shows an example of a power delay
profile in the case where a propagation path exists at a top of
a delay profile.

FIG. 8 is a diagram that shows an example of channel
estimation values in the frequency domain in the case where
an interpolation has been carried out.

FIG. 9 is a diagram that shows an example of a power delay
profile in the case where an interpolation has been carried out.

FIG. 10 is a diagram of a signal power in the time domain
of an interpolation signal from the 201-st point to the 256-th
point in FIG. 8.

FIG. 11 is a diagram that shows an example of a power
delay profile obtained as a result of subtracting a signal power
in the time domain of an interpolated part shown in FIG. 10,
from the delay profile shown in FIG. 9.

FIG. 12 is a diagram for explaining a variation example of
a channel estimation unit.

FIG. 13 is a diagram for explaining pilot symbols.

FIG. 14 is a diagram for explaining transmission/receiving
of information in the case where a mobile station makes no
adjustment on transmission timing.

FIG. 15 is a diagram for explaining transmission/receiving
of information in the case where a mobile station makes no
adjustment on transmission timing.

FIG. 16 is a diagram for explaining a case in which a
mobile station makes an adjustment on transmission timing in
order for transmission, on the basis of a measurement result of
a propagation delay time.

FIG. 17 is a diagram for explaining a case in which a
mobile station makes an adjustment on transmission timing in
order for transmission, on the basis of a measurement result of
a propagation delay time.
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FIG. 18 is a diagram for explaining a conventional way of
processing.

FIG. 19 FIG. 19 is a diagram that shows an example of
channel estimation values in the frequency domain.

FIG. 20 is a diagram that shows an example of a power
delay profile.

FIG. 21 is a diagram that shows an example of channel
estimation values in the frequency domain, in the case where
an interpolation process has been carried out.

FIG. 22 is a diagram that shows an example of a power
delay profile, in the case where an interpolation process has
been carried out.

DESCRIPTION OF EMBODIMENTS

A transmit/receive terminal according to an exemplified
embodiment of the present invention is explained below with
reference to FIG. 1 through FIG. 12, and FIGS. 21 and 22
described above. Incidentally, the transmit/receive terminal is
equipped with a configuration unit in relation to processing of
received data and creating data to be transmitted, and the
configuration unit is publicly-known and therefore an expla-
nation about the unit is omitted here.

The transmit/receive terminal, as a receiving unit or a
receiver device, includes: an RF (Radio Frequency) unit 11, a
timing extraction unit 12, a CP (Cyclic Prefix) removing unit
13, an FFT unit 14, a channel estimation unit 15, and a
demodulation unit 16. Furthermore, the transmit/receive ter-
minal shares the RF unit 11, as a part of a transmitting unit or
a transmitting device, in common with a receiving unit or a
receiver device; and includes a transmission processing unit
17 and a transmission timing adjustment unit 18.

The RF unit 11 receives a downlink signal and suppliesitto
the timing extraction unit 12 and the CP removing unit 13, and
in the meantime, transmits an uplink signal according to a
timing adjusted by the transmission timing adjustment unit
18. The timing extraction unit 12 extracts a timing, at which a
received signal becomes a maximum, from the received sig-
nal supplied from the RF unit 11, and supplies the timing to
the CP removing unit 13. The timing, at which a received
signal becomes a maximum, is consistent with a propagation
time if a propagation environment is a single path; and mean-
while in a complicated propagation environment, the timing
is not necessarily consistent with the propagation time. The
CP removing unit 13 removes CP (Cyclic Prefix) from the
received signal supplied from the RF unit 11, in accordance
with the timing supplied from the timing extraction unit 12,
and supplies a processed signal to the FFT unit 14. Then, the
FFT unit 14 carries out FFT with respect to the received
signal, after removing CP, supplied from the CP removing
unit 13, in accordance with an effective symbol length of
OFDM, in order to transform the signal into the frequency
domain; and supplies a processed signal to the channel esti-
mation unit 15 and the demodulation unit 16. The channel
estimation unit 15 calculates channel estimation values, on
the basis of pilot symbols being inserted at specific time-wise
and frequency-wise positions; the pilot symbols being out of
the signal supplied from the FFT unit 14 and deployed in the
frequency domain; and then supplies the channel estimation
values to the demodulation unit 16. Moreover, the channel
estimation unit 15 calculates a delay profile to measure a
propagation delay time, and supplies a calculated result to the
transmission timing adjustment unit 18. In the meantime, the
demodulation unit 16 demodulates a data part, by using the
channel estimation values calculated in the channel estima-
tion unit 15; the data part being out of the signal supplied from
the FFT unit 14 and deployed in the frequency domain.
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The transmission processing unit 17 converts data to be
transmitted into an uplink signal; and supplies the uplink
signal to the transmission timing adjustment unit 18. The
transmission timing adjustment unit 18 supplies the uplink
signal supplied from the transmission processing unit 17 to
the RF unit 11, while putting a transmission timing ahead a
period of the propagation delay time supplied from the chan-
nel estimation unit 15.

The channel estimation unit 15, which is included in the
transmit/receive terminal explained with reference to FIG. 1
and executes a measuring process of a propagation delay
time, is explained next with reference to FIG. 2

The channel estimation unit 15 includes a pilot symbol
extraction unit 21, a channel estimation processing unit 22, a
frequency domain interpolation unit 23, an IFFT processing
unit 24, an interpolation signal unit power calculation unit 25,
and a power peak position detecting unit 26.

The pilot symbol extraction unit 21 extracts pilot symbols
from the signal in the frequency domain, output from the FFT
unit 14, and supplies the pilot symbols to the channel estima-
tion processing unit 22. The channel estimation processing
unit 22 verifies the pilot symbols, extracted by the pilot sym-
bol extraction unit 21, with a known pattern in order to
execute a channel estimation; and supplies the obtained chan-
nel estimation values to the frequency domain interpolation
unit 23, and also supplies the same to the demodulation unit
16 described above.

With respect to the channel estimation values obtained by
way of processing of the channel estimation processing unit
22, the frequency domain interpolation unit 23 executes inter-
polation for a part with an insufficient number of samples of
the channel estimation values in the frequency domain so that
the number of samples of the channel estimation values
becomes a power of 2, for example, in such a way as already
explained with reference to F1G. 21. Herewith, an explanation
is made on an assumption that the channel estimation values
after the interpolation described above with reference to FIG.
21 are obtained. The frequency domain interpolation unit 23
supplies the obtained channel estimation values to the IFFT
processing unit 24 and the interpolation signal unit power
calculation unit 25.

The IFFT processing unit 24 carries out IFFT with respect
to the channel estimation values for which the frequency
domain interpolation unit 23 has interpolated in the frequency
domain, in order to obtain a delay profile. Herewith, an expla-
nation is made on an assumption that the delay profile
described above with reference to FIG. 21 are obtained. The
IFFT processing unit 24 supplies the obtained delay profile to
the power peak position detecting unit 26.

The interpolation signal unit power calculation unit 25
carries out IFFT of the same size as the delay profile with
respect to a signal of the interpolated part in order to calculate
a signal power. Concretely to describe, the interpolation sig-
nal unit power calculation unit 25 calculates a signal power in
the time domain, of the interpolated part in the frequency
domain, for which the frequency domain interpolation unit 23
has executed interpolation. As a method of calculating the
signal power in the time domain, in relation to the interpolated
part, for example, there is a method in which IFFT of the same
size as the delay profile is carried out with respect to a wave-
form of the interpolated part in order to transform the wave-
form into the time domain. Shown in FIG. 3 is a signal power
in the time domain, which has been calculated by carrying out
IFFT with respect to the waveform of the interpolated part
shown in FIG. 21 (from the 201-st point to the 256-th). The
interpolation signal unit power calculation unit 25 supplies
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the calculated signal power of the interpolated part to the
power peak position detecting unit 26.

The power peak position detecting unit 26 detects a power
peak value by way of subtracting the signal power of the
interpolated part from the delay profile calculated by way of
IFFT. Concretely to describe, the power peak position detect-
ing unit 26 obtains a power waveform shown in FIG. 4, by
subtracting the signal power in the time domain of the inter-
polated part shown in FIG. 3, supplied by the interpolation
signal unit power calculation unit 25, from the delay profile
supplied by the IFFT processing unit 24. A propagation delay
time can be calculated by way of detecting a power peak
position in the power waveform.

In other words, FIG. 4 shows a result of subtracting the
power value of FIG. 3 from the power value of FIG. 21, the
subtraction result being represented in dB. If the power value
of FIG. 3 is greater than the value of F1G. 21, the power value
is made 0, and it is illustrated with a negative lower limit value
in FIG. 4. Measuring a peak position by using FIG. 4 leads to
no risk of incorrect measurement of the propagation delay
time owing to a false power peak that appears at a top position
of'the delay profile. Even in the case of interpolating a channel
estimation value, the channel estimation unit 15 can correctly
measure the propagation delay time without making a mis-
take in measurement of the propagation delay time.

Processing by the transmit/receive terminal in relation to
the measurement of the propagation delay time is explained
next with reference to a flow chart of FIG. 5. The processing
explained here includes not only processing by the channel
estimation unit 15 but also processing by the timing extrac-
tion unit 12, the CP removing unit 13, and the FFT unit 4.

If'the RF unit 11 receives a downlink signal, the CP remov-
ing unit 13 removes CP (Cyclic Prefix) from the received
signal in accordance with the timing supplied from the timing
extraction unit 12 (Step S1). Then, the FFT unit 14 carries out
FFT with respect to the received signal, after removing CP, in
accordance with an effective symbol length of OFDM (Step
S2).

The pilot symbol extraction unit 21 in the channel estima-
tion unit 15 extracts pilot symbols from the signal in the
frequency domain, output from the FFT unit 14 (Step S3).
The channel estimation processing unit 22 verifies the pilot
symbols, extracted by the pilot symbol extraction unit 21,
with an already-known pattern in order to execute a channel
estimation (Step S4). With respect to the channel estimation
values obtained by way of processing of the channel estima-
tion processing unit 22, the frequency domain interpolation
unit 23 executes interpolation in the frequency domain in
such a way that the number of samples of the channel esti-
mation values becomes a power of 2 (Step S5). The IFFT
processing unit 24 carries out IFFT with respect to the chan-
nel estimation values for which the frequency domain inter-
polation unit 23 has interpolated in the frequency domain
(Step S6), in order to obtain a delay profile.

The interpolation signal unit power calculation unit 25
carries out IFFT of the same size as the delay profile with
respectto a waveform of the interpolated part in the frequency
domain, for which the frequency domain interpolation unit 23
has executed interpolation, so as to transform the signal into
the time domain for calculating the signal power of the part
(Step S7). The power peak position detecting unit 26 detects
a power peak position of the delay profile to calculate a
propagation delay time of the transmitted signal (Step S8). At
the time, the power peak position detecting unit 26 detects an
appropriate power peak position in the delay profile at Step
S8, with reference to the signal power of the part interpolated
at Step S7.
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Processing by the channel estimation unit 15 in the case
where a propagation path exists at a top of a delay profile is
explained next with reference to a flow chart of FIG. 6 through
FIG. 11.

FIG. 6 shows an example of channel estimation values in
the frequency domain in the case where a propagation path
exists at a top of a delay profile. There are 200 channel
estimation values, and in order to carry out IFFT of 256
points, 56 points in the rear are filled with 0. Carrying out
IFFT with respect to the signal shown in FIG. 6 results in a
power delay profile shown in FIG. 7. In this case example,
power peaks corresponding to the propagation path exist at
the first point and the 22-nd point.

Meanwhile, explained next is a case where the channel
estimation unit 15 measures a propagation delay time.

FIG. 8 shows a waveform in the case where, in the fre-
quency domain interpolation unit 23, among 56 points in the
rear of the channel estimation values shown in FIG. 6, the
201-st point and the 202-nd point are extrapolated with values
of'the 199-th point and the 200-th point, the 255-th point and
the 256-th point are extrapolated with values of the first point
and the second point, and the 203-rd point through the 254-th
point are interpolated with values of 202-nd point and the
255-th point.

Ifthe IFFT processing unit 24 carries out IFFT with respect
to the signal shown in FIG. 8, a power delay profile shown in
FIG. 9 is obtained. FIG. 9 shows a lower power around the
150-th point, in comparison with a case of FIG. 7.

FIG. 10 is a power delay profile of the interpolation signal
of'the part from the 201-st point to the 256-th point in FIG. 8,
obtained in the interpolation signal unit power calculation
unit 25.

The power peak position detecting unit 26 can obtain a
power waveform shown in FIG. 11, by subtracting power
values of FIG. 10 from those of FIG. 9. In the power wave-
form shown in FIG. 11, a propagation path existing at a top of
the delay profile can be detected as a power peak position.

In the case where a false power peak caused by processing
of extrapolation & interpolation appears at a top position, as
already explained with reference to FIG. 19 through FIG. 22,
the power peak position detecting unit 26 can delete the false
peak part, as explained with reference to FIG. 3 and FIG. 4.
Moreover, the power peak position detecting unit 26 has no
risk of overlooking a propagation path existing at a top posi-
tion of a delay profile, as observed in FIG. 6 through FIG. 11,
even if the propagation path exists at the top position of the
delay profile.

As described above, owing to the interpolation of the chan-
nel estimation values in the frequency domain at the time of
measuring a propagation delay time by using a delay profile
obtained as a result of carrying out IFFT with respect to the
channel estimation values, a top part and a tail part in the
delay profile have a high power. Fortunately, according to the
embodiment described above, the propagation delay time can
correctly be measured without making a mistake in measur-
ing the propagation delay time in relation to such a phenom-
enon of the delay profile.

As another method of calculating a signal power in the time
domain of an interpolated part, it is also possible to make a
calculation with respect to only a top part in a time-wise
waveform. This is because a smooth waveform is used for the
interpolated part, and it is not needed to carry out IFFT with
respect to an entire part of a time-wise waveform after trans-
forming a waveform of an interpolated part in the frequency
domain into the time domain. This method is explained below
with reference to FIG. 12 and FIG. 13.
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FIG. 12 shows a variation example of the channel estima-
tion unit 15. In this variation example, a configuration shown
in FIG. 2 is modified for processing by using only a top part
in a time-wise waveform of an interpolated part. This channel
estimation unit 15 includes a pilot symbol extraction unit 21,
a channel estimation processing unit 22, and an IFFT pro-
cessing unit 24 in the same way as the configuration shown in
FIG. 2. Moreover, the channel estimation unit 15 includes a
frequency domain interpolation unit 23« instead of the fre-
quency domain interpolation unit 23 shown in FIG. 2, an
interpolation signal unit power calculation unit 25« instead of
the interpolation signal unit power calculation unit 25, and a
power peak position detecting unit 26a instead of the power
peak position detecting unit 26. In this case, an explanation is
made on an assumption that the number of channel estimation
values is ‘M’, and IFFT with respect to data of ‘N’ points is
carried out to transform into the time domain. Herein, ‘M’ is
smaller than ‘N”.

The frequency domain interpolation unit 23« includes an
interpolation signal creating unit 31. The interpolation signal
creating unit 31 receives channel estimation values of ‘M’
points in the frequency domain, from the channel estimation
processing unit 22, and the channel estimation values are
interpolated rightward for ‘N-M’ points. An interpolation
signal of the ‘N-M’ points is supplied together with the
channel estimation values of ‘M’ points in the frequency
domain, to the IFFT processing unit 24; and in the meantime,
only the interpolation signal is supplied to the interpolation
signal unit power calculation unit 254.

The IFFT processing unit 24 carries out IFFT with respect
to the channel estimation values of ‘M’ points in the fre-
quency domain, which are supplied from the frequency
domain interpolation unit 234, and the interpolation signal of
the ‘N-M’ points, in order to obtain a delay profile. Then, the
delay profile is supplied to the power peak position detecting
unit 26a.

The interpolation signal unit power calculation unit 25a
includes an N-point IFFT left-end calculating unit 32 and a
power value calculation unit 33. The N-point IFFT left-end
calculating unit 32 receives an input of the interpolation sig-
nal of the “N-M"’ points from the frequency domain interpo-
lation unit 234, and makes a calculation for a left end part of
‘L points out of IFFT for a size of ‘N’ points. Thus, a delay
profile for the left end part of ‘L’ points in the case of IFFT
with respect to the interpolation signal is obtained. By using
the delay profile, the power value calculation unit 33 obtains
apower value of each point in the left end part of ‘L.’ points in
the case of IFFT with respect to the interpolation signal. The
power value is supplied to the power peak position detecting
unit 26a.

The power peak position detecting unit 264 includes a
power value calculation unit 34, a subtraction processing unit
35, and a peak position detecting unit 36. The power value
calculation unit 34 calculates a power value of the delay
profile of ‘N’ points, supplied from the IFFT processing unit
24. The subtraction processing unit 35 subtracts a power
value of each point of the left-end ‘L’ points of the interpola-
tion signal supplied from the interpolation signal unit power
calculation unit 254, from power values of predetermined ‘I’
points from a left end of the delay profile supplied from the
power value calculation unit 34. The peak position detecting
unit 36 detects a peak position on the basis of the power values
of ‘I points supplied from the subtraction processing unit 35,
and power values of right-end ‘N-L’ points out of the power
values of ‘N’ points supplied from the power value calcula-
tion unit 34. In other words, the peak position detecting unit
36 replaces power values of left-end ‘L points out of the
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power values of ‘N’ points supplied from the power value
calculation unit 34, with the power values of ‘L’ points sup-
plied from the subtraction processing unit 35, and detects a
peak position in this waveform.

What extent of a top part of a power delay profile should be
calculated as the ‘I’ points depends on a ratio between the
interpolated part and the IFFT size, and a smoothness of the
interpolated waveform. For example, in the case where the
interpolated part is in a range from Y5 to % of the IFFT size,
the extent should preferably be around Y64 of the IFFT size. If
the IFFT size is 256, the extent should be about four samples.
Meanwhile, if the interpolated part is close to 2 of the IFFT
size, a calculation should be made with respect to two to three
samples at a top part of the time-wise waveform. In another
case, if the interpolated part is small enough in proportion to
the IFFT size, a signal power of the interpolated part may not
be taken into consideration.

In the case where no propagation path obviously exists at a
top part of the delay profile, a propagation delay time may as
well be measured without a calculation of a signal power with
respect to the interpolated part, ignoring the top part of the
delay profile.

In order to measure a propagation delay time, without
using a delay profile for which channel estimation values are
interpolated in the frequency domain for cancelling noise
components of the channel estimation values, the propagation
delay time may be measured by way of separately calculating
a delay profile for which IFFT is carried out without interpo-
lating the channel estimation values in the frequency domain.

In the embodiment described above, the explanation is
made by using a case example in which the present invention
is applied to a transmit/receive terminal. The present inven-
tion is not limited to such a transmit/receive terminal but may
widely be applied as well to a receiver device using OFDM as
a communication method, a transmit/receive system or a
receiving terminal having such a receiver device, and the like.

The series of processes described above may be executed
by means of hardware, and may as well be executed by way of
software. For executing the series of processes by way of
software, a program constituting the software is installed
from a program recording medium into a computer built in
exclusive-use hardware, or for example, a general-purpose
personal computer that can execute various functions with
various programs being installed.

Incidentally, the program to be executed by the computer
may be a program with which processes are carried out in
chronological order along the sequence explained in this
specification document, or may be a program with which
processes are carried out in parallel or at the time as required,
such as, in response to a call.

Furthermore, a scope of application of the embodiment of
the present invention is not limited to only the embodiment
described above, and various other variations may be made
without departing from the concept of the present invention.

REFERENCE SIGNS LIST

. RF unit

. timing extraction unit

. CP removing unit

. FFT unit

. channel estimation unit

. demodulation unit

. transmission processing unit

. transmission timing adjustment unit
. pilot symbol extraction unit
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22. channel estimation processing unit (channel estimation
means)

23. & 23a. frequency domain interpolation unit (interpolation
means)

24. IFFT processing unit (transforming means)

25. & 25a. interpolation signal unit power calculation unit
(interpolation signal unit power calculation means)

26. & 26a. power peak position detecting unit (power peak
position detecting means)

31. interpolation signal creating unit

32. N-point IFFT left-end calculating unit

33. power value calculation unit

34. power value calculation unit

35. subtraction process unit

36. peak position detecting unit

The invention claimed is:

1. A receiver device receiving a signal transmitted by
means of an orthogonal frequency division multiplexing sys-
tem, comprising:

a channel estimation means which calculates channel esti-
mation values in a frequency domain based on pilot
symbols arranged in orthogonal frequency division mul-
tiplexing subcarriers;

an interpolation means which carries out an interpolation
on the channel estimation values calculated by way of
the channel estimation means to make the number of
samples become a power of 2;

a transforming means which transforms the channel esti-
mation values, interpolated by the interpolation means,
into a time domain to obtain a delay profile; and

a power peak position detecting means which detects a
power peak position in the delay profile to calculate a
propagation delay time of the signal transmitted;

wherein the power peak position detecting means refers to
a signal power of a part interpolated by the interpolation
means to detect an appropriate power peak position in
the delay profile.

2. The receiver device according to claim 1, further com-
prising; an interpolation signal unit power calculation means
which calculates a power value of a signal of a front part on a
time-wise axis in the case where the same transformation as
the transformation of the transforming means is carried out
with respect to the signal power of the part interpolated;
wherein the power peak position detecting means detects a
power peak position in accordance with a delay profile after
correction, which is obtained by way of subtracting a calcu-
lation result of the interpolation signal unit power calculation
means, from a signal power of a corresponding part of the
delay profile.

3. A transmit/receive terminal for transmitting and receiv-
ing data to/from a base station, comprising:

a receiver device described in claim 1, as a receiving unit;

and
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a means for adjusting a transmission timing to the base
station, in accordance with the propagation delay time.

4. A transmit/receive terminal for transmitting and receiv-
ing data to/from a base station, comprising:

a receiver device described in claim 2, as a receiving unit;

and

a means for adjusting a transmission timing to the base
station, in accordance with the propagation delay time.

5. A propagation delay time measurement method, with
receiving a signal transmitted by means of an orthogonal
frequency division multiplexing system and measuring a
propagation delay time of the signal, including;

a channel estimation step calculating channel estimation
values in a frequency domain based on pilot symbols
arranged in orthogonal frequency division multiplexing
subcarriers;

an interpolation step carrying out an interpolation on the
channel estimation values calculated in the channel esti-
mation step to make the number of samples become a
power of 2;

a transforming step transforming the channel estimation
values, interpolated in the interpolation step, into a time
domain to obtain a delay profile; and

a power peak position detecting step detecting a power
peak position in the delay profile to calculate a propa-
gation delay time of the signal transmitted;

wherein the power peak position detecting step refers a
signal power of a part interpolated in the interpolation
step to detect an appropriate power peak position in the
delay profile.

6. A non-transitory computer-readable storage medium
storing a program computer program of the present invention,
when the computer program is installed in a computer of a
receiver device to receive a signal transmitted by means of an
orthogonal frequency division multiplexing system, making
the computer execute:

a channel estimation step calculating channel estimation
values in a frequency domain based on pilot symbols
arranged in orthogonal frequency division multiplexing
subcarriers;

an interpolation step carrying out an interpolation on the
channel estimation values calculated in the channel esti-
mation step to make the number of samples become a
power of 2;

a transforming step transforming the channel estimation
values, interpolated in the interpolation step, into a time
domain to obtain a delay profile; and

a power peak position detecting step detecting a power
peak position in the delay profile by way of referring to
a signal power of a part interpolated by the interpolation
step to calculate a propagation delay time of the signal
transmitted.



